The article presents the model of inventory management for forestry enterprises. It allows us to make calculations of the efficiency of the use of inventories, helps minimize the cost of transportation and storage and to avoid fines for lack of inventory in the presence of demand. The suggested model takes into account the dependence of the price of the received reserves, warehouse costs, the cost of holding stocks, the amount of storage costs and penalties for customer stocks that have been unloaded on time. The model will allow us to avoid delays in supply, determine the size and guarantee optimal inventory levels. It is proved that rational inventory management enables companies to calculate the optimal amount of reserve ordering, and the time interval between such orders. Putting this model into practice will allow for managing of the logistical and warehouse costs, determining the risk of not receiving or reducing the company's profits due to the excess inventory costs, and understanding of the efficiency of turnover of inventories. Purpose. The aim of the study is to construct an economic and mathematical model of inventory management of the enterprise, taking into account the dependence of the shipping cost from the supplier to the warehouse, the cost of holding the stocks, the amount of storage costs and penalties for non-shipped products. Methodology. Approbation of theoretical developments was carried out in the application package Statistica and the use of the module MARSPline -an integral element of technology Data Mining Results. The theoretical contribution. The main dependencies influencing the formation of the value of stocks were discovered on the basis of this and a regression model of the optimal size of stocks was constructed with a fairly precise approximation; calculations were made of the efficiency of the use of inventories, minimizing the total costs associated with delivery, storage and fines for the absence of stocks at availability of demand for them. Practical implications. We have constructed, investigated and tested the economic and mathematical model of the optimal size of stocks, which takes into account the dependence of the shipping cost from the supplier to the warehouse, the cost of holding the stocks, the amount of storage costs and penalties for non-shipped products.
Introduction
Forestry enterprises in Ukraine operate under conditions of high competition, uncertainty, and risk. This is due to the political risk of the state and the instability of tax legislation. Therefore, it is of great importance for the sustainable functioning of these companies that forestry enterprises be effectively managed. In order to make effective management decisions, modern scientific approaches and practicetested techniques, namely: forecasting, econometric and mathematical modeling of economic objects, production processes and individual economic
To cite this article: Luchko, M.R., Lukanovska, I.R., Ratynskyi, V. (2019) . Modelling inventory management: Separate issues for construction and application. International Journal of Production Management and Engineering, 7(2) , 117-124. https://doi.org/10. 4995/ijpme.2019.11435 situations, should be utilized. In the process of modeling the economic situations associated with the use of reserves, in practice, a number of tasks should be solved (Table 1) . Table 1 . The content of solving particular tasks of inventory management optimization problems.
No Tasks Content 1
The task of distribution of stocks
Arises when a certain set of economic activities (work) that should be implemented by the small amount of resources 2.
The task of inventory management
They are in search of the best values of reserve levels and order sizes to meet the permanent production process 3.
The task of forecasting placing reserves Associated with the definition of the optimal number and location of new objects, taking into account their interaction with existing objects and interactions among themselves
Modeling of inventory management makes it possible to design a rational scheme of continuous and effective provision of material resources. For its implementation, the following tasks are required:
-study of accounting of the current level of inventories based on information flows of data;
-inventory analysis to determine the current level of stocks that will ensure continuity of activities; -analysis of current programs in order to calculate the size of reserves;
-determining the intervals of time necessary to carry out the production process.
Sectoral and technological features of forestry enterprises have a great influence on the management system. This is explained by the organization of activities and complex logistics. It relies on production processes, product sales, commodity flow and cash flows. Forestry companies hold in question the optimal batch of ordering stocks of raw materials or goods. This is because the supply of a considerably large quantity of stocks or a surplus, greatly increases the cost of their logistics and storage, and may reduce their commodity value, and hence reduce the sale price. Otherwise, when the supply of reserves is less than the optimal demand or orders available, there will be a deficit of sales, that is, the enterprise will not be able to fulfill the contractual obligations in time, and will not receive a profit and may be punished by penal sanctions. At the same time, it should also be taken into account that a significant part of the logistical, warehouse and conservation costs are constant, do not vary depending on the volumes of work, and therefore affect the financial performance of the activity.
Consider the solution inventory management problem in woodworking enterprises. With the help of a mathematical model that allows us to calculate the efficiency of the use of inventories, we can minimize the total costs associated with their delivery, and decrease storage and fines in the absence of stocks in the presence of demand for them. In response to the premise of our study, we propose the following hypotheses or assumptions that will be verified experimentally for a possible solution of the problem. First, there is a connection between the amount of shipping costs, storage costs, and penalties that are associated with the lack of wood when necessary. Secondly, during certain periods, wood-processing companies can reimburse the cost of storing inventory to avoid imposing penalties for non-grassland timber products.
Literature review
Questions that are subject to research within the framework of this article have been the subject of many scientific investigations, depending on the content of the optimization tasks of inventory management. An increasing interest is emerging towards optimization modeling of stock management processes, it is recognized as an effective apparatus for formalizing scientific and technical problems in various fields of knowledge.
Paying tribute to many scholars who have made a significant contribution to solving theoretical and practical problems in the specified range of issues, in the framework of this study, pay attention only to those that, in our opinion, have a direct impact on the subject of research. Shygun (2008) conducted an analysis of the content of scientific articles and reports on economic modeling in Ukraine, presented in professional editions and scientific conferences with the use of the bibliometric method, systematization of articles and reports on the issues of open issues, and the tendencies of economic modeling development were revealed. Atamanchuk and Pasenchenko (2016) investigated the problem of choosing the optimal inventory management policy. They developed an algorithm for optimizing the parameters of the inventory management system, disclosed the features of efficient inventory management by the receipt of such (optimal) stock size, at which costs for their maintenance and maintenance would be minimal, and the number of stocks − sufficient for the stable operation of the business entity.
An economical and mathematical model that allows us to choose the optimal policy for inventory management in an unstable economy is presented in the paper, as well as numerical calculations have been carried out demonstrating the application of this model at the garment industry enterprise (Andrushkiv et al., 2012; Bukan & Kenіgsberg, 2007; Kaplan & Norton, 2006; Kovács & Kot, 2017; Popovic et al., 2017; Robert, 1992 ).
The time point at which the delivery of the order should be designated, which allows maintaining stocks at the optimal level, while simultaneously reducing the cost of storing the stock and the loss from the shortage of goods, is determined. Demand for goods in the presented model is considered as a random variable with a normal probability distribution.
Isonin and Lagotsky (2012) studied the problem of ensuring the optimal balance between minimizing investment in stocks on the one hand and maximizing the level of service users of the enterprise for a continuous production process -on the other. It is indicated that many theoretical and methodological aspects of inventory management, taking into account the stochastic nature of demand, remain little studied and poorly covered in the economic literature. Kushnirenko and Ralle (2015) reviewed the main approaches to the analysis of commodity and material inventory in the field of production and warehouse services and explored the methods of modeling the processes of material inventory management and their impact on the operation of the enterprise. They proposed the rationing of commodity inventories proposed by various methods such as: experimental and statistical method, method of technical and economic calculations, economic and mathematical modeling, etc.
Pasenchenko and Trubnikova (2011) reviewed inventory management issues at a trading enterprise. They define the main indicators of the activity of a trading enterprise within the framework of the concept of balanced development of the company, analyze their classification and the main factors that influence their change and can be called managers and used to improve the work of the enterprise.
Inventories stocks are related to objects according to A DAN DZO (2015) at the enterprise level that require significant investment. So, therefore, they are one of the factors that determine the policy of an enterprise and affect its level of liquidity, and for trading companies for profit.
Shraybfeder (2005) noted that efficient inventory management allows you to: serve the buyer well, to ensure return on investment and to eliminate dead stocks and surpluses. According to Takha (2005) classical inventory management models and their level control are based on the fact that inventory management is a complex set of measures aimed at providing the highest possible level of service to customers with minimum current costs associated with holding stocks. In practice, inventory management is limited to two main questions: when to replenish stock and in what quantity? The classic model of stock management is the Wilson model, which allows you to calculate the optimal amount of the lot and the time period of ordering. Min and Zhou (2002) pointed out that over the years, most firms have focused on the overall effectiveness and efficiency of individual business functions. However, as a new way of doing business, businesses began to realize the strategic importance of planning, controlling and designing the supply chain as a whole.
In an effort to help firms capture the synergy between inter-functional and inter-organizational integration and supply chain coordination and subsequently make better decisions on the supply chain, they drew attention to the synthesis of previous efforts to model supply chains. Melo, Nickel and Da Gama (2006) and Takha (2005) focused on strategic planning of supply networks based on mathematical modelling, which simultaneously covers many practical aspects of network design problems: dynamic planning horizon, overall supply chain network, external material supply, opportunities of product inventory, product distribution, object configuration, capital availability for investments and storage restrictions.
Seuring (2013) summarized the research of quantitative models of forward chain supply. He drew attention to the social and environmental problems of the supply chain and noted that on the modeling side there are three dominant approaches: the equilibrium model, the multicriteria process of decision making and the analytical hierarchical process. Only limited empirical studies were conducted by this time.
Beamon (1998) has proven that over the years, theorists and practitioners have primarily studied various processes in the supply chain of production individually. At the same time, the development and analysis of the supply chain as a whole has been neglected. This focus is largely due to rising production costs, resource base reductions in production bases, shortening the product life cycle, leveling the playing field in production, and the globalization of market economies. Biswas and Narahari (2004) investigated the possibility of stochastic models, models of mathematical programming, heuristic methods and modeling in the supply chain simulation. Because different problems for making decisions in supply networks require different approaches to modeling and solving problems, there is a need for a unified approach to supply chain modeling so that any necessary solution can be created in a fast and flexible way. In this paper, they have developed a decision support system for DESSCOM (support for solutions for supply chains using object simulation), which enables strategic, tactical and operational making decision in supply chains.
Scientific investigations of issues related to the management of material inventories and their distribution on the basis of the application of economic and mathematical modeling remain the requirements of time.
Taking into account the above and sectoral features of woodworking enterprises, one can conclude that research is incomplete in this direction and the need to find a model that would allow them to manage their inventories in order to minimize unproductive costs.
Research methods
The modelling of inventory management is closely linked with such components of the theory of management of economic systems as the information theory of hierarchical systems; target and oriented planning; the theory of project management; the theory of contracts that investigate problems in an uncertain environment.
Through the system analysis, we analyzed the activities of woodworking enterprises, identified the main areas that require further research. Since the main task of these companies is profit, we used software packages Statistica, and the module MARSPline with module Data Mining Results. This enabled to calculate regression model in multidimensional space and build a spline surfaceplanned dependencies through the basic functions. The obtained regression model established the relationships between variables with a rather precise approximation.
Research results
The development of a mathematical model of enterprise inventory management will contribute to increasing the efficiency of inventory turnover. Let's assume that there is a stock of wood (t) of time periods in the warehouse. Indicate the amount of wood stock (z 0 ) meters cubic at the beginning of the period.
Demand (v y ) on timber forms the amount of their delivery from the warehouse in (y) -period. In each separate period demand (v y ) is a random and independent value with probability density f y (v y ).
Price of shipment volume (m 3 ) ordered at the beginning of the wood period from the supplier to the warehouse until the end (y) th of the period is (q y ) . The cost of maintaining a certain amount of timber Int. J. Prod. Manag. Eng. (2019) 7(2), 117-124
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Let's notice (k y ) the volume of (m 3 ) of the ordered wood at (y) -period. Hence, the stock (z y ) of timber for the end (y) th of the period will be (1) 
Thus, if during a certain (y-th) period a wood processing enterprise will reimburse the cost of storing inventory (z y ≥0), there will be no penalties for non-donation (w y = 0) and vice versa. This situation can be represented as follows (3): 
The total cost of the warehouse (C) of woodworking enterprise for (t) periods can be written down as: 
This formula (4) is a function of random and independent values vy. It is necessary to calculate the volume of timber that has already been delivered and the demand for it to substantiate the volume (m 3 ) of the order of wood at the beginning of the next period. Thus, it is not possible to set all values of t for k y at the same time.
Summarizing the above, we note that in the conditions of dynamic development of computer technologies, management decisions regarding orders in the planning period are taken on the basis of the results of the reporting period. This implies the following: for any (n)-th period we have k
We will follow the use of this model at the wood processing enterprise LTD "Hansakom-West".
Let's calculate Z theor by the data on the remnants of wood in warehouses and storerooms at the beginning of the reporting period, the volume of timber products that left the period, and their volume, which passes from the warehouses in the y-th period, which is determined by V y demand for goods (the initial data is given in Table 2 ).
In Figure 1 , we show the quadratic surface on the basis of data in Figure 1 . The quadratic surface of the theoretical stock (Z theor ) according to the Table 2 .
As a result, we obtain the estimated values of theoretical data volumes (m 3 ) of inventories, comparing with which real volumes we will find variants of immobilization of funds invested in production reserves.
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Thus, the carried out calculations allow to make optimal managerial decisions regarding the volume and structure of production stocks, accordingly adjusting the work of warehouse areas.
Discussion of the results
The conducted research has made it possible to identify the main factors influencing the management of stocks of woodworking enterprises in order to minimize unproductive costs. The solution of the proposed model in the application package Statistica and the use of the module MARSPline -an integral element of the technology Data Mining Results and the resulting regression equations allow to determine the general dependencies. This enabled through the basic functions calculate regression model in multidimensional space and build a spline surface and planned dependencies. The obtained regression model established the relationships between variables with a rather precise approximation.
The constructed generalized economic and mathematical model of inventory management allows minimizing unproductive costs. The model can be adapted for woodworking enterprises, as well as others, which are characterized by similar technological features of activity.
In addition, it should be noted that, in our opinion, the study conducted allowed to form new scientific problems of great theoretical and practical importance and could become the subject of further scientific research.
These, in the first place, should include:
-optimization of management of financial capital of economic entities of different forms of ownership;
-intensification of the use of blockade and artificial intelligence technologies in conditions of uncertainty of logistics of stocks and management of them.
The possible direction of further research on this problem is also to take into account in this model the future value of money and the effect on it of the inflationary effect of the depreciation of money. In our opinion, this requires additional substantiation and changes in the individual components of the calculations.
Conclusions
The management of stocks under uncertainty should be as much as possible protected from risk operations in order to prevent unproductive costs. Therefore, the transparency of the data is a requirement of time. In this case, the issue of not only obtaining additional funds for inventory management, but also their efficient and well-considered use becomes a matter of particular importance.
In addition, the developed organizational, methodological and methodical tools can be used to solve a wide range of more narrow and specific topical scientific and theoretical applied tasks related to the construction of models of business entities.
